An experiment was conducted during the dry seasons in western Hararghe Zone, Eastern Ethiopia at the Haramaya University Chiro Campus to determine the effect of maize stover as soil mulch on yield of Arabica coffee. Five levels of maize stover as soil mulch at a rate of: 0t/ha, 2t/ha, 4t/ha, 6t/ha and 8t/ha were applied in randomized complete block design with four replications from 2008 to 2011. Yield data was recorded during specific phenological stage of the plant. Result from the analysis of variance from the application of maize stover as soil mulch over years showed the presence of significant difference among treatments on bean yield of Arabica coffee. The highest bean yield (1070 kg/ha) and the lowest bean yield (520 kg/ha) were noted at 8 tons/ha and 0 ton/ha, respectively. Similarly, the pooled analysis of variance over seasons corroborated that the effect of maize stover as a soil mulch at a rate of 6t/ha and 8t/ha showed the presence of no significant difference on bean yield of coffee (p<0.05). The result of the present study also elucidated that, the unmulched control plots had the lowest coffee bean yield. While application of 8 tons/ha of maize stover as a soil mulch significantly increased coffee yield both in 2010 and 2011 cropping seasons. Therefore, on the basis of these results, it can be concluded that applying maize stover as soil mulch during the dry seasons at west Hararghe can help to sustain Arabica coffee production. Thus, it is recommended that application of 8tons/ha maize stover as soil mulch can significantly increase the yield of Arabica coffee and sustains its productivity over years.
Introduction
Ethiopia is the third largest Arabica coffee (Coffee arabica L.) producer in the world (IOC, 2010) . In the world Coffee is the second most traded commodity next to petroleum and the most widely consumed beverage worldwide (Vega, 2008) . Coffee from the eastern part of Ethiopia, Hararghe areas is known for its Mocha flavor that fetches the highest premium value on the world market. However, coffee production in this region is affected by lack of soil moisture during the dry seasons and poor soil fertility. In Ethiopia coffee is still a major contributor to Ethiopian economy and it plays a key role in the livelihood of about 1.5 million of coffee growing households in this country. Over 15 million people depend directly or indirectly on coffee being involved in production, processing and marketing activities (Petit, 2007; Labouisse et al., 2008) . In Ethiopia coffee grows in diverse agro ecologies ranging from 1000 m.a.s.l to over 2000 m.a.s.l in its native area under the forest canopy (Labouisse et al., 2008) .
Ecologically sustainable coffee production is certainly possible by applying best practices of agronomy, crop protection and post-harvest processing. These include soil conservation measures with or without shade trees, applying organic and inorganic fertilizers to maintain optimum soil quality and crop nutrient levels, planting of disease resistant varieties and applying IPM (integrated pest management) to reduce crop losses due to biotic stress factors, and the use of novel processing equipment. Mitchell (1988) reported that without mulch or other sources of organic matter, significant yield responses to N, P and K fertilizers are common, but such coffee production systems may not be sustainable in the long term because of a gradual decline in soil quality to be expected for most soil types. Yunianto (1986) also indicated use of mulch help in reducing over bearing and dieback in Arabica coffee and sustains its biological productivity for longer period of time.
The application of mulch on coffee soils is also known to help in maintaining soil temperature regulation and reserving the soil moisture by decreasing evapo transpiration from the surface soil which contributes to generation of greater number of fruits per node and nodes per lateral branches produced under full-sun responsible for the greater yield of coffee. But this was contrary to other results of (Wintgens, 2004; Morais et al., 2006) . However, some other reports have suggested that coffee plants that receive more sunlight with judicious level of soil mulch can produce a greater number of flowers (Beer et al., 1987; Vaast et al., 2006) . This is because of the more number of nodes formed per lateral or more flower buds existing at each node (Wintgens, 2004; Cannel, 1975) .
In Hararghe areas coffee is grown without shades, thus it is highly vulnerable to over bearing, dieback and loss of soil moisture which strongly affect productivity of coffee beans. Thus, the use of mulch can contribute in sustaining coffee production through enhancing the biological productivity of the coffee tree. The national average yield of coffee in Ethiopia is less than 700 kg/ha as compared to other African countries and the world average yield which is more than 1200 kg/ha (Labouisse et al., 2007; Campanha et al., 1982; Canell et al., 1985) . This lower yield is attributed to both biotic and abiotic factors. Poor soil fertility management, soil moisture deficit, CBD (coffee berry disease), coffee wilt disease and insect pests are some of the factors contributing to lower yield of Arabica coffee in Ethiopia (Wassu et al., 2004; Damenu, 2008) .
In the highlands of Hararghe coffee is grown as garden plantation being intercropped with different crops such as sweet potato, Chat (Chata edulis), banana and some other fruit crops (Damenu, 2008) . Coffee production in this region is also affected by poor soil moisture during the dry seasons, poor soil fertility, CBD and the expansion of Chat plantation replacing coffee plantations. Coffee from this region is known for its Mocha flavor that fetches the highest premium value on the world market (Damenu, 2008) . Various attempts have been made to determine the importance of numerous factors that affect growth and bean quality in coffee agro ecosystems, including climatic conditions, shade management, fertilization regimes, mulching and adequate pruning in different coffee growing regions of the world including Ethiopia (Wintgens, 2004; Steiman, 2008; Bosselmann et al., 2009; valos-Sartorio & Blackman, 2010) . For example, some work done by Beer (1987) and DaMatta (2004) to document the relationship between shade and coffee yield found positive effects in suboptimal locations, whereas Soto-Pinto et al. (2000) found negative effects when shade level was above 50%. Siles et al. (2010) found that high shade (60 to 80%) coffee flowers equally well to the medium-shade (30 to 50%) in low-input coffee farms of Chiapas, Mexico. Results differ because the environmental factors and the coffee varieties examined vary among the studies, and issues of exact environmental needs are difficult to quantify because of the variation (Carr, 2001 ).
Optimal shade levels are likely to be below 50%, especially for coffee that receives fertilization or supplemental irrigation. What is unknown is whether the tradeoff of yield with bean size, flavor profile, or other aspects of quality, that can occur with shade results in a net benefit to the producer. Litter fall from shade trees serve as soil mulch and contribute in yield sustenance. However, as compared to studies made on the use of shade trees, the role of mulch in coffee production under unshaded condition has not been well studied in many coffee producing countries including Ethiopia.
In unshaded coffee, mulch from grasses, wheat straw and maize stover helps to control soil erosion and weeds, preserve soil moisture and is also an important source of organic matter and nutrients (Mitchell, 1988; Anderson et al., 1990; Youkhana et al., 2009) . For instance, the practice of applying annually large quantities (5 to10 t/ha) of mulch cut from elephant (Napier) grass (Pennisetum purpureum) on a coffee plantation in Kenya adds large amounts of plant nutrients to the soil, K in particular 10 t/ha of mulch from elephant grass would contain 150 kg N, 26 kg P and 350 kg K (Njoroge, 2001 ) but from natural grasses or maize stover 140-200 kg N, 13-15 kg P and 88-160 kg K could be obtained (Njoroge, 2001; Babbar et al., 1995) .
However, smallholder coffee farmers in eastern parts of Ethiopia usually have no access to such large quantities of mulch material and instead prefer to feed whatever is available to their livestock rather than applying to their farm lands (Zelalem, 2012) . Mulching of unshaded coffee is not much practiced in most other coffee producing countries including Ethiopia (Kufa et al., 2001) . Here again, it is fairly realistic that more mulch is being applied where yields are higher: 10 t/ha mulch applied annually (nutrient input of 150 kgN, 26 kg P and 350 kg K) to coffee yielding 2 t/ha -1 green beans and 5 t mulch at half the yield level (Njoroge, 2001) . Without mulch or other sources of organic matter, significant yield responses to N, P and K fertilizers are common, but such coffee production systems may not be sustainable in the long term because of a gradual decline in soil quality to be expected for most soil types (Mitchell, 1988; Wilson, 1985) . 2, No. 3; 2013 Western Hararghe is one of the most drought prone areas of the Oromia Regional State, eastern Ethiopia (Damenu, 2008) . As a result of this coffee yield is strongly influenced by lack of soil moisture during growth, flowering, fruit setting, bean synthesis and expansion (Damenu, 2008) . Soil mulch significantly contributes to alleviate these stresses. However, local farmers from the region use sorghum and maize stover for animal feed, fuel wood and fencing which leads to poor soil organic matter build up in the zone (Ararsa, 2012) . As a result the soil from this region is suffering from soil erosion, nutrient leaching and poor soil moisture regime leading to poor crop productivity including Arabica coffee (Coffee arabica L.).
The use of maize stover as soil mulch in sustaining coffee production and productivity in this region has never been investigated before. Therefore, the objective of this study was to determine the effect of maize stover as soil mulch on yield of Arabica coffee at Chiro, Western Hararghe Zone, Eastern Ethiopia.
Description of the Study Area
West Hararghe is located between 7º 55' N to 9º 33' N latitude and 40º 10' E to 41º 39'E longitude. The major crops grown in the study area are sorghum, maize, chat, field beans, potato and tef (Eragrostis abyssinica). The area is characterized by Charcher Highlands having undulating slopes and mountainous in topography. The mean annual rainfall ranges from 850 to 1200 mm/year with minimum and maximum temperatures of 12 ºC and 27 ºC, respectively.
Materials and Methods

Experimental Procedures
The already existing coffee plantation in Chiro Campus, Haramaya University, was used as a test plant. A plot size of 6 m length by 5 m width with three rows per plot was used. Spacing was 2 m and 1.8 m between rows and plants, respectively. Urea at a rate of 150kg/ha was applied to each experimental plot on 15 June 2008, 10 June 2009, 15 June 2010 and 15 Jone 2011. Maize stover was harvested at the physiological maturity of maize and chopped at a size of 75 cm long and weighed using a spring balance to determine the amount of mulch material required by each plot. Five levels of maize stover as soil mulch at a rate of: 0t/ha, 2t/ha, 4t/ha, 6t/ha and 8t/ha was applied to each plot at the end of the main rainy season for each year (after mid-September in all years). Treatments were applied in a randomized complete block design with four replications in 2008 to 2011.
At maturity, dried coffee beans were collected from each plot and manually hulled to get clean coffee. The recorded yield per plot was converted to yield per hectare. An area of 15 m 2 , corresponding to 4 plants in the central two rows, were picked immediately after physiological maturity for bean yield. During harvest, border plants at the ends of each row were excluded to avoid border effects. Bean yield of coffee (GY t ha -1 ) was determined using picked coffee beans and adjusted to12% moisture (Labouise et al., 2008) .
Statistical Analyses
The data recorded in this study were subjected to statistical analysis using the statistical program SAS (1990) version 9.0. Analyses of variance were carried out using MSTATC soft ware. Significant differences between and /or among treatments were delineated by Least Significant Differences (LSD).
Results
Result from the analysis of variance on mean yield of coffee beans over the four seasons showed the existence of significant differences among treatments (Table 1 and Table 3 ). Mean bean yield ranged from 520 kg/ ha to 1070 kg/ha over four years. The highest mean yield 1070 kg/ ha was observed in 2009 and the poorest yield (520kg/ha) was noted in 2011. The over all Result from the pooled analysis of variance on bean yield of Arabica coffee from the present study reveled the presence of significant difference (P<0.05) among treatment over the seasons (Table 1 and Table 2 ). This study also indicated application of maize stover as soil mulch on coffee trees increased the bean yield of coffee trees over years and significantly reduced weed infestation and increased soil moisture reserve. The result also showed the existence of no significant difference between 6 t/ha and 8 t/ha on coffee bean yield. Similarly application of maize stover at a rate of 2 t/ha and the unmulched plots showed no significant differences on bean yield of coffee trees. However, slight variations were observed in weed suppression effect and soil moisture reservation. 
Discussion
In the present study bean yield of Arabica coffee at Chiro was significantly increased as the rate of maize stover application as soil mulch increased from 2 t/ha to 8 t/ha (Table 1 ). The highest bean yield (1070 kg/ha) was obtained at 8 t/ha followed by 6t/ha (Table1 and Table 3 ). Application of maize stover contributed a yield advantage of 550 kg/ha over the unmulched plots. This can be owing to the effect of the stover in reducing soil moisture loss, maintainace of soil temperature and addition of nutrients. Njoroge et al. (2001) reported that the bean yield of Arabica coffee from Kenya increased from 1.2 t/ha to over 2 t/ha when 10t/ha mulch is applied. Therefore, the present finding is in agreement with this report. But a significant difference in coffee yield was observed during the experimental seasons over years indicating the poorest yield record in 2009 and 2011. This might be due to variation in environmental differences among the growing seasons, the response of the coffee trees to the environment and G x E (gene by environment interaction). In addition the application of 8t/ha www.ccsenet.org/sar Sustainable Agriculture Research Vol. 2, No. 3; 2013 increased bean yield by 550 kg/ha as compared to the control treatment implying use of maize stover as soil mulch helps to boost coffee productivity which is also in agreement with the reports by Njoroge et al. (2001) who stated application of Napier grass increases bean yield of Arabica coffee under moisture deficit areas.
In Kenya according to the nutrient content data of various mulches and manures provided by Njoroge (2001) 10 t of mulch from elephant grass would contain 150 kg N, 26 kg P and 350 kg K, but from natural grasses or maize stover 140-200 kg N, 13-15 kg P and 88-160 kg K were obtained. In the present study Nitrogen composition in the soil remained unchanged over the four years (Appendix Table 1 ). This might be due to the increase in soil organic carbon percentage. However, the level available P increased in the treated plots suggesting the existence of consistent finding with the reports of Njoroge (2001) in which mulch from grasses contributed an additional value of 26 kg/ha P (Appendix Table 1 ). Therefore, the present finding is in agreement with these reports. Hence the application of maize stover at the rate of 8t/ha resulted in highest bean yield, which was significantly higher than maize stover applied at the rates of 0, 2 and 4t/ha, while it was statistically at par with bean yield obtained at 6 t/ha (Table 2 and Table 3 ).
Conclusion
From this finding it can be concluded that applying maize stover as soil mulch during the dry seasons in west Hararghe can help to sustain Arabica coffee production. Thus, it is recommended that application of 8tons/ha maize stover as soil mulch can significantly increase the yield of Arabica coffee and sustain its productivity over years. In addition, laboratory and field trials need to be conducted on C: N, nitrogen mineralization and its effect on soil microbial populations.
